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Abstract 
Contrast enhancement plays an important role in generating high quality images for image processing applications, such as 
digital image or video photography, liquid crystal display processing, and medical image analysis. For achieving real-time 
performance for high-definition video applications, it is necessary to design efficient contrast enhancement hardware architecture 
to meet the needs of real-time processing. In this paper, a Modified Adaptive Gamma Correction with Weighting Distribution 
algorithm is explained for contrast enhancement. This novel hardware-oriented contrast enhancement algorithm is modeled in 
Xilinx System Generator and implemented in FPGA using Zed Board XC7Z020. This hardware-oriented contrast enhancement 
algorithm achieves good image quality by measuring the results of qualitative and quantitative analyzes. This Modified Adaptive 
Gamma Correction with Weighting Distribution algorithm exhibits better contrast and high PSNR value than that of the existing 
Adaptive Gamma Correction with Weighting Distribution algorithm. 
© 2016 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
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1. Introduction 
    Image enhancement has a significant role in the field of Digital image processing Applications, for both human 
 
 
* Garnet Wilson. Ph.: 9605776091. 
E-mail address:garnetucet@gmail.com 
 2016 The Authors. Published by Elsevi r Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons. rg/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICETEST – 2015
1142   Garnet Wilson and Y. Premson /  Procedia Technology  24 ( 2016 )  1141 – 1148 
and computer vision. The real world applications comprise varied fields like medical imaging, geophysical 
prospecting, seismic exploration, astronomy, camera, video processing, aerial and ocean imaging, sensors and 
instrumentation, LCD display, optics, surveillance. And also there are many image enhancement techniques that 
have been proposed and developed. In this work, an efficient contrast enhancement approach based on Bi-Histogram 
Equalization, gamma correction and probability density of the luminance pixel (Modified Adaptive Gamma 
Correction with Weighting Distribution) to improve the brightness of dimmed images. This approach improves the 
brightness of dimmed images and produces enhanced images of higher quality than previous state-of-the art 
methods. Approximation techniques are used to reduce complexity for the hardware implementation purpose. 
In the traditional Adaptive Gamma Correction with Weighting Distribution (AGCWD) there are three modules 
for image enhancement. Image Statistics Computation (ISC) module for histogram calculation, Weighted 
Probability Density Function (WPDF) module to calculate weighted PDF, Smoothed Cumulative Distribution 
function (SCDF) to calculate cdf, Adaptive Gamma Correction (AGC) module to apply gamma correction factor and 
a Final Luminance Transform (FLT) module. In the modified AGCWD algorithm (Modified AGCWD), the original 
histogram is divided into two sub histograms and they are equalized separately. After equalization, the lower cdf 
value is replaced by mean value of the two separate cdf values. And then adaptive gamma correction is applied. 
Most of the previous hardware implementations of the contrast enhancement algorithms are done in Xilinx ISE, 
Synopsis Design Vision, etc. Here the implementation is done in Zed Board XC7Z020 using Xilinx System 
Generator platform.  
This hardware-oriented contrast enhancement algorithm achieves a good image quality by measuring the results 
of qualitative and quantitative analyses. The rest of this paper is organized as follows: Section II provides a brief 
discussion of prior work. Section III gives Xilinx System Generator model of the Adaptive Gamma Correction with 
Weighting Distribution (AGCWD) in detail. Section IV describes the modified AGCWD. In section V the 
implementation detail and the results are discussed. Finally, concluding remarks are presented in section VI. 
2. Prior work 
2.1. Literature review 
In [1] contrast enhancement algorithm referred to as the Brightness Preserving bi-histogram equalization 
(BBHE) is proposed. The BBHE is an extension of a typical histogram equalization, which utilizes independent 
histogram equalizations over two sub images obtained by decomposing the input image based on its mean. The 
ultimate goal behind the BBHE is to preserve the mean brightness of a given image while enhancing the contrast of 
a given image. Hence, many applications can be made possible by utilizing the proposed algorithm in the field of 
consumer electronics, such as TV, VTR, or, camcorder. In the view point of H/W implementation, however, the 
proposed algorithm requires more complicated H/W than the typical histogram equalization. For effective use of this 
algorithm in applications, an effort to reduce the complexity should be made which makes use of quantized 
structure: DSHE-Equal Area Dualistic Sub-image Histogram Equalization described in [2] not only enhance image 
information effectively but also keep the original image Input luminance well enough to make it possible to be used 
in video system directly. First, the image is decomposed into two equal area sub-images based on its original 
probability density function. Then the two sub-images are equalized respectively. At last, the processed sub-images 
are composed into one image. 
   Recursive Sub Image Histogram Equalization (RSIHE) [3] is developed by K.S. Sim.et.al to overcome the 
drawbacks of generic histogram equalization (HE) for gray scale images. Compared to some of the conventional HE 
methods, better image compensation is yielded through RSIHE. The crucial features that led to the success of 
RSIHE are energy preservation, better contrast, and better images with high PSNR. Their pixels exhibit strong 
dependencies, especially when they are spatially proximate; these dependencies carry important information about 
the structure of the objects in the visual scene. Another method named RSWHE (Recursively Separated and 
Weighted Histogram Equalization) has been proposed in [4] to enhance the image contrast as well as preserve the 
image brightness. The essential idea of RSWHE is to segment an input histogram into two or more sub-histograms 
recursively, to modify the sub-histograms by means of a weighting process based on a normalized power law 
function, and to perform histogram equalization on the weighted sub-histograms independently. It is shown in 
experimental results that RSWHE preserves the image brightness more accurately than other existing HE 
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methods..In [5] an automatic transformation technique is proposed to improve the brightness of dimmed images 
based on the gamma correction and probability distribution of the luminance pixel. The flow chart of this method is 
also given. From experimental results it is clear that this image enhancement method using Adaptive Gamma 
Correction and Cumulative Intensity Distribution produces enhanced images of comparable or higher quality than 
previous state-of-the-art methods. Adaptive Gamma Correction with Weighting Distribution has been proposed for 
enhancing both images and video sequences in [6].An automatic transformation technique that improves the 
brightness of dimmed images via the gamma correction and probability distribution of luminance pixels is presented 
here. The algorithm used is same as that of method in [5]. To enhance video, the proposed image enhancement 
method uses temporal information regarding the differences between each frame to reduce computational 
complexity (TB method).According to the analysis of time consumption; this method can be implemented in a real-
time video system with limited resources. 
   In [7] a novel hardware architecture based on contrast enhancement algorithm described in [6] is developed. The 
main aim is area reduction of the hardware. A parameter-controlled re-configurable architecture which significantly 
improves hardware utilization is employed. To demonstrate its performance, the proposed architecture and chip 
design can process an average frame rate of up to 48.23 fps at high definition resolution 1920×1080.According to 
the analysis of time consumption, the proposed method can be achieve in a real-time video system. A New 
Hardware-Efficient Algorithm and Re-configurable Architecture for Image Contrast Enhancement described in [8] 
is an approximate solution for the proposed software-oriented contrast enhancement algorithm in[7].In this paper a 
modified version of the algorithm used in [8] is introduced and the hardware implementation of this modified 
version is done using Xilinx System Generator. 
2.2. Hardware efficient Adaptive Gamma Correction with Weighting Distribution Algorithm 
  This algorithm is described in [8]. The core of this algorithm is as follows: 
Step 1) Image Statistics Computation (ISC) 
PDF ‘(l) = nl                            (1) 
Where PDF’ (l) = PDF (l) MN, l = lmin, lmin 1, lmin 2… lmax, and nl represents the number of times that level l 
appears in the incoming image. 
Step 2) Weighting Probability Density Function (WPDF) 
 
PDFw’ (l) = max (PDF ’) ×((PDF ‘(l) − min(PDF ‘))/(max(PDF_)−min(PDF_)))  
where l = lmin , lmin+1, lmin+2,…, lmax, and α represents the adaptive parameter that can be empirically set to 0.5. 
Here, the range [0.1, 0.5] is determined experimentally. 
PDFw’ (l) = max(PDF  ’) × 2β                                 (3) 
where β=α{log2[PDF’(l)−min(PDF’)]−log2[max(PDF’)− min(PDF ’)]}; l = lmin, lmin+1, lmin + 2, …, lmax, and α 
represents the adaptive parameter that can be empirically set to 0.5. Here, the range [0.1, 0.5] is determined 
experimentally. 
Step 3) Smoothed Cumulative Distribution Function (SCDF) 
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Where l = lmin, lmin+1, lmin+2 …, lmax. ∑PDFw represents the sum of the weighting probabilities, and CDFs’ (l) 
represents the smoothed CDF ’. This equation can be rewritten as follows: 
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where l = lmin, lmin+1, lmin+2… lmax, ∑PDFw’ represents the sum of the weighting probabilities, and CDFs’ (l) 
represents the smoothed CDF’. 
 
Step 4) Adaptive Gamma Correction 
1144   Garnet Wilson and Y. Premson /  Procedia Technology  24 ( 2016 )  1141 – 1148 
))(log(log
minmax
minmax222)()( llllllT                            (6) 
 
where l = lmin, lmin + 1, lmin + 2, …, lmax , with T (l) represents the transform function; γ =1 – CDFs’ (l) × P with P 
represents the adaptive parameter that can be empirically set to 1. Here, the range [0.5, 1] is determined 
experimentally. 
Step 5) Final Luminance Transformation 
The output image of the proposed hardware-oriented algorithm Y ={Y (i, j)} can be expressed as  
Y = {T (X (i, j ))|∀X(i, j ) ∈ X}             (7) 
where X(i, j ) represents the intensity of the incoming image at the location (i, j ) and Y (i, j ) represents the intensity 
of the output image at the location(i, j ). 
3. Xilinx System Generator model of the AGCWD algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Xilinx System Generator Model for AGCWD Algorithm is shown in Fig.1.The functions of each block is 
described below. 
Image from file : Takes image from the stored location. 
RGB to HSV  : Convert RGB image into HSV   and separate each components. 
Histogram calculation  : Compute the histogram of the   image as described by the algorithm. For finding out the 
histogram, Matlab Function block from the Simulink block set is used. 
Image preprocessing : Convert 2D image into 1D. 
Histogram equalization : Histogram equalization is done. This is implemented using Xilinx block set. The blocks 
are shown in Fig. 2. 
Logarithm and 2h is found out using an approximation technique used in [8]. 
log2h ≈ [(0.1519h −1.02123)h + 3]h – 2.13; h ε [0, 1)              (8) 
2h is also found out by this approximation technique. 
2h ≈ [(0:079h + 0:2242)h + 0:6967]h + 0:999; h ε [0, 1)           (9) 
 
Fig.1.XSG model for AGCWD 
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The logarithm module and 2h module are shown in Fig.3 and Fig.4 respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Image post processing : Convert 1-Dimensional form to 2D. 
Gamma correction : Calculate the gamma value and this correction factor is applied. After that the FLT is 
applied. 
Color space conversion : Concatenation of H, S, and V is done and convert back it to RGB format. 
Video viewer   :  It is used to view the image. 
Simout   : It is used to take the data to the workspace. 
 
4. Modified AGCWD algorithm 
In this work a modification of the AGCWD algorithm Fig.5 is proposed. Here one of the popular brightness 
preserving methods i.e. the mean brightness preserving bi-histogram equalization (BBHE) [1] introduced by Kim 
(1997) is also included to preserve the mean brightness of the image. In the beginning, the BBHE divides the 
original histogram into two sub-histograms based on the mean brightness of the input image as shown in Fig.6. One 
 
Fig.2. Histogram module 
 
      Fig .3. Logarithm module 
        Fig.4. 2h module 
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of the sub image is set of samples less than or equal to the mean whereas the other one is the set of samples greater  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
than the mean. In this method, the separation intensity XT is presented by the input mean brightness value, which is 
the average intensity of all pixels that construct the input image Fig.7(a). After this separation process, histogram 
Equalization these two histograms are independently equalized by Histogram Equalization. Consequently, the mean 
brightness can be preserved because the original mean brightness is retained.  
 
 
 
 
 
 
 
 
 
 
  The histogram with range from 0 to L-1(255) is divided into two parts, with separating intensity XT. This 
separation produces two histograms. The first histogram has the range of 0 to XT, while the second histogram has 
the range of XT+1 to L-1.Using this method two WPDF and SCDF values are obtained. The mean of the two SCDF 
is taken as the resultant SCDF. After that Adaptive Gamma Correction (AGC) and Final Luminance Transformation 
(FLT) are done. 
5. Results 
This section presents the results of hardware oriented AGCWD algorithm and the modified AGCWD algorithm. 
Both algorithms are realized using Xilinx System Generator and are implemented in Zed Board 
XC7Z020.Compared to the traditional AGCWD method modified AGCWD algorithm produces a more enhanced 
 
Fig. 5. XSG model for modified AGCWD 
 
         Fig.6. Bi-Histogram equalization 
1147 Garnet Wilson and Y. Premson /  Procedia Technology  24 ( 2016 )  1141 – 1148 
result. But the disadvantage is that the modified AGCWD algorithm will have almost double the hardware 
components than the traditional AGCWD algorithm. The input image, AGCWD output images, and the modified 
AGCWD output images are shown in Fig.7(b) and Fig 7(c).The visual quality of the modified AGCWD algorithm is 
higher than that of the traditional AGCWD algorithm.  
The difference between precision of AGCWD algorithm and the modified can be analyzed by Peak Signal to 
Noise Ratio. Table I lists the peak signal-to-noise ratio (PSNR) calculated between the enhanced results of modified 
AGCWD and AGCWD algorithms. From Table I, it is seen that the image quality of the modified algorithm is 
higher than that of the traditional one. This algorithm can provide an approximate solution to hardware 
implementation and efficiently reduce its computational complexity. 
        Table 1.PSNR Calculation. 
 
 
 
 
 
 
     The Hardware utilization of both the algorithms is also estimated in Vivado 2014. The results are shown in 
Fig.8(a) and Fig.8(b). From this it is clear that the modified algorithm utilizes more hardware than simple AGCWD. 
So it is the major disadvantage of the modified AGCWD algorithm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6. Conclusion 
 In this paper, novel hardware architecture based on hardware-oriented contrast enhancement algorithm is 
Test images PSNR  
AGCWD 17.9535  
Modified AGCWD 20.5561  
   
a                                              b                                             c 
 
 
Fig.7.(a) input image; (b) AGCWD output; (c) Modified AGCWD output. 
a                                           b 
 
 
Fig.8.Hardware utilization of (a) AGCWD; (b) Modified AGCWD 
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proposed. The existing AGCWD algorithm is modified to include Bi-Histogram Brightness preservation for image 
contrast enhancement. The advantage is that the mean brightness of the image preserved. The proposed hardware 
oriented contrast enhancement algorithm can provide an approximate solution for the proposed software-oriented 
contrast enhancement algorithm, and achieves good image quality by measuring the results of qualitative and 
quantitative analyze. Experimental image enhancement results show that the proposed method performs well 
compared with other state-of-the- art methods. To demonstrate its performance, a 275×258 resolution image is 
taken. The modified algorithm has high PSNR value. It indicates higher image quality. But the hardware utilization 
is very high. This is the limitation of this algorithm. So as future works the algorithm can again be modified to 
reduce the hardware utilization and thus the area. The area can be reduced through a re-configurable architecture. 
And the time consumption can be reduced by parallel processing. Also more number of blocks can be tried to 
implement in XSG. 
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